THE CENTRAL NERVOUS SYSTEM IN TERATOPH- 
THALMIC AND TERATOMORPHIC FORMS OF 
PI.ANARIA DOROTOCEPHALA. 


C. M. ruiLD AND E. W M. McKIE. 

'I'he sUkIn* uf the nervous s\’sicni in the ivraioplulialinic and 
leraioniorphic forms of Planaria dorotocepliala was undertaken 
b\' llie juni(jr author of tliis jKiper at the senior author’s sugges¬ 
tion. 'The results of lhi‘^ study were accepted as a thesis for the 
Master’s degree !)>' the Department of Zoology of the Uni\’ersity 
of ('hicago. Since the results ol the work are of considerable 
iiUiTest and since Mis> McKie ssas |)re\ented b\' xarious cir¬ 
cumstances from j)rep.iring the paper for publication, the .senior 
author has nnd(*rtakt‘n, at luT express recpiesi, to revise her manu¬ 
script for publication aiul to add some figures from her slides; he 
has also a<I(Ie(| a section on tlu‘ \arious methods by which the 
terat(;phthalmic and teraiomorphic forms ha\e been produced 
and has extended somewhat tlu‘ scope of the discussion of the 
results. 

'The primar>’ obii*('t of the work was to determine the general 
form and the degree* of development of the ce|)halic part of the 
central nervous sy>iem in these abnormal forms as com[)ared 
with normal animals. Flu* o])ser\'ations concern chielK' the 
teratomorphic forms sinct* these r(*pres(.‘nt a more extreme 
dej)arture from tlu* nornml t\'pe and alTord more definite and 
striking results. 

'Fh(‘animals for sectioning were anesthetized with weak alctjhol 
before I'lxatitm in hot ( lilson’s Iluid (tr sublimate. Sections were 
cut ten mi(Ta in thickness, h'rontal and sagittal as well as trans¬ 
verse sections w ere made, but all the I'lgures are drawn from trans¬ 
verse sections since these show' the essential features most clearlv'. 

.'\ll figures of set lions were drawn to the same scale with 
the camera. 'Fhev are designed to show', first the general form 
of the nervous s\ stem and second, the general relations between 
fiber tracts and cells. The cells are re])resented merely by small 
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circles or o\ als and the fiber tracts are filled in with dots, except 
where a distinct coniniissure or ner\'e is concerned; there the 
direction of the fibers is indicated. Xon-ner\-oiis structures are 
not shown except in the case of the alimentary tract, which is 
diagrammalically indicated where it is present in the sections 
figured. 

I. 'Vue hIXPERLMEXTAL l^RODUCTIOX OF Tei’lVTOPUTHALM 1C AND 
TERAlOMORFirC FORMS. 

d'he senior author has gi\’en the names “ teratoidithalmic” 
and “ teratomorphic” to certain types of head which appear 
under certain conditions in the regulation of pieces of Planaria, 
The teratojiluhalinic head (Cdiild, Tuz, pp. 278-9; ’iir) is one 
in which the e>'es show soine departure from the usual strticture 
or arrangement, but the head is otherwise normal in form. The 
teratophthalmic forms ma\’ lie di\’ided into se\*eral groujis ac¬ 
cording to the character of the e\’es, for these may be “abnormal ” 
in position, size or number or the idgment cups may show the 
most various degrees of fusion {e. Fig. 6 below). 

The teratomorphic heads (Child, Tir) represent a more ex¬ 
treme departure from the norm. In these the abnormalities 
iiu'olve not only the e\’es but the shape of the head and the 
l^osition of the auricles. The teratomorphic head tisualh’ |)os- 
sesses a single median eye and the atiricular sense organs aj^pear 
on the front of the head, either se])arate (Figs. 10 and 16) or 
more or less completely fused (Mgs. 19 and 23). In the senior 
authijr’s earlier work on Phiuaria the teratomorphic heads were 
not separated from the teratopiithalmic (Child, ’1 \a), but as the 
degree of experimental control in the production of these forms 
increased it became desirable to set these |)eculiar forms apart 
as a distinct group and to gi\'e them a name. 

It is possible, as the senior author has shown in various papers 
(Child, d u/, ’ 1 le, ’id/), to control experinuMitally by a ntimber 
of different methods the production of thesi* forms. In general 
they are the result of conditions which decrease the rate of the 
(K’naniic processes below a certain Ua el determined b\' existing 
conditions whicli is necessaiA' for the production of normal ani¬ 
mals. \\ 4 th the i)roper experimental conditions they can be 
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produced from any region of the planarian body and from j:)ieces 
of an\’ size above a certain minimum, which \'arics with region 
of the l>od\', physiological condition, age, nutrition and external 
conditions. A regional factor docs, however, exist (Child. '\\a): 
in pieces of a gi\’cn length the more jy)stcrior the level within a 
single z(joid, the greater the freqiiencx' of the abnormal forms. 

d'hus far il ha'^ been possible to conirol expcrimentalK’ the 
production of teratoj:>hthalmic and leraiomorphic as well as 
anophihalmic and headless f(;rms (Child, 'iir) in the following 
ways: first, tintler standard conditmns of temperature, nutrition, 
etc., pieces above a certain length with ^interior ends at a certain 
le\ el of the bod\ will produ<H‘ normal wholes, shorter j)ieci‘s will 
prodiK'c teratoi)hthiilmic forms and still shorter jiieces leniir)- 
morphic. anophthalmic and headless forms as the length de¬ 
creases. Sreond, in piecc'^ of a gi\ en length from a gi\ en region, 
uikUt uniform conditions of tenifH-ralure, nutrition, etc., stimula¬ 
tion tt) motor acti\ it\' increases the fre(|uency of normal animals, 
whili* lack of stimulation imacases the fre<juenc\' of leralophlhal- 
mic, leratoinorphic, anophthalmic and headless forms. 4 'hird, 
in j)ieci‘s of a gi\i‘n Kaiglh from a gi\en region of animals of the 
same si/e the fre(jiu“nc\- of abnormal and normal f(»rms \'aries 
wiih dilhnamces in pin siological age (C'hild. '\ib) and with dif- 
fereiu'es in nutrition, h'ourlh, in jiieces of a gi\ (‘n lengtli from a 
gi\en region of animals of the same si/e aiul as nearly as possible 
in the same pin’siological condition a \'ariet\' of external faetc^rs 
such as low temperaluri*, metabolic products in the water, tlilute 
alcohol, ether, chloretone, jioiassium c\anide, etc., will increase 
the frecjnencN of abnorm.il forms and it is possible to control to 
a certain extent tlu‘ l> l)e of abnormal form, both through the 
length of the j)iece and the intensity of the experimental factor. 
On the other hand, the fre(iuenc\* of normal forms in a gi\en set 
of pieces can be increaseil b\- good nutrition, by high temperature 
and probably also by certain stimulating drugs, though as re¬ 
gards these last the results are conij^licatcd by the fact that in 
many cases the stimulating elTect of drugs is of relati\'el\* shf>rt 
duration and is followed by a depression. 

But w'hate\*er may be the results of more cxteiuled experiment, 
the facts alread\’ established demonstrate that the normal and 
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I lie abnormal forms described represent differences in the dynamic 
processes which are ])rimaril\' purely quantitative. The teni- 
]:>eraturc experiments illustrate this point very clearly. In a 
gi\’cn set of pieces higher temperatures increase the frecjuency of 
normal, lower temperatures that of abnormal forms. The effect 
of the anesthetics and the other external factors mentioned above 
is probably also primarily quantitati\’e. 

In these cases then different morphological characteristics 
appear as the result of primarily quantitative changes in the 
dynamic processes in the organism. This fact is of considerable 
theoretical importance, since it can mean nothing else than that 
form, structure, localization, number and even presence or ab¬ 
sence of parts may he determined by purely (|uantitative changes 
in external factors, i. c., by changes which alter primarily the 
rate and not the character of the dynamic processes. 

Certain external characteristics of the head region of the ab¬ 
normal forms, viz., the position and number of the eyes and 
auricles, indicate that the cephalic ganglia of these forms must 
show considerable departures from the norm. The question as 
to how the form and structure of tlie central ner\’ous system 
may be altered by these ejuantitative changes in the dynamic 
]:>roccsses is one of interest from various points of view. The 
data presented below give a partial answer to this question and 
so form a contribution to our knowledge of the dynamics of 
inor])hogenesis. 

1'he meth(;d used for obtaining the terato]:>hthalmic and tera- 
tomorphic forms described in this paper was that of cutting 
pieces of a certain length, determined by previous experiments 
of the senior author, from the middle region of the body of large, 
well fed worms and allowing them to underg(j regulation at about 
20° C. 'riiis method was used merely because it is the simplest. 
d'cTalophthalmic and teratomoriihic' heads de\'elo|) on pieces of 
greater length from the middle region of the l)ody, i. c., the 
jiosterior ri'gion of the first zoihd (Child, Tia, ’lie) than from 
an\' other rt‘gion. d'his makes it possible to use relati\’ely long 
pieces and the jireparation and handling of the material is there¬ 
fore less difficult. Of course the abnormal heads can be obtained 
Irom still longiT pieces if regulation occurs at low lem|)eratures, 
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but the length of time necessary for regulation in such cases is a 
disadvantage. Abnormal heads produced by the action of anes¬ 
thetics and by various other conditions were not included within 
the scope of the present inxestigation. It is not imiirobable that 
comparison of the heads produced by different conditions will 
show more or less characteristic differences in the nerxous system. 

In all cases described the pieces were kept for at least two 
weeks after section. After this length of time the new head is 
well dexeloped and those ca>es in which the teratomorphic head 
does not remain teratomorphic but redifferentiates into a head 
of normal shape ha\c alreacK’ undergone this further regulation 
or show unmistakable indii.itions c)f it. The teratomorphic 
heads wliit'li j)ersisi as such for two weeks at 20° ('. almost 
ne\t*r show any further changes. 

II d ill. Ili.M) 01 nil-: Normal Animal. 

'The form ami the chief cxlernal features of the normal head 
of PliUHiria dorntoccphahi are.diown in I'ig. l. d'he unpigmenied 
areas of the (wes and the \er\ slighth pigmented semsorN* regions 
of the .luricles .ire indicaU'd b\' dotted lines. ICxcept f<jr these 
the dorsal siirfai'e of the head is usually rather deeply and uni¬ 
formly pigmented, h'rom the \entral surfac(‘ the outlines of 
the cephalic ganglia and ner\e cords are indistinctU’ xisible in 
the li\ ing anim.il. 

higure.s 2 5 show ir.ms\erse sections of the nervous svstem 
at different levels of the head region. I'ig. 2 is from a level 
alxmt half vv.iy between the eves and the tip of the head and 
shows four lua v c-s extending to the anterior head region. I'urther 
anteriorlv these nerves break up and become less distinct as 
thev are disti ibtited. I'ig. 3 shows the ganglia at abotit one 
foitrth of the distance from the eves to the tip. d'hey consist 
of fiber tracts including a few* cells aiul surrounded liy many 
others. At this level the chief fiber tract shows indications of a 
beginning .separation into right anti left halves. On each side 
of the chief tract is a small tract separated from it by cells: 
these two small tracts are cross sections of nerves which pass 
to the anteriiK regions ol the head. 

I'igtire 4 sIkjws the ganglia at the level of the eyes, d'he two 
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masses lie some distance apart and are connected hyVommissiires. 
'File pigment cups of the eyes open laterally and the optic nerves 
pass in a dorso-ventral direction. Between the eyes the median 
anterior branch of the alimentary tract appears. 
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Mgurc 5 is from a section at the le\'el of the auricles. Here 
there is no distinct commissure between the ganglionic masses. 
It is quite pos.sil 4 (‘, however, that the>' are not entirely discon- 
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nectcd as they appear in the figure; some nerve fibers may extend 
across the space l^etween them. The nerves passing to the 
auricles appear in the section and the alimentary tract lies on 
the dorsal side. Posterior to this level the nervous system con¬ 
sists of the two main nerve cords, each composed of a fiber tract 
including some cells and surrounded by others and gi^'ing ri>e 
to ner\’es and commissures at \Tirious levels. 

III. d'l-.RATOPIITIlALMIC MeADS. 

Of the x arious t>*pes of ti*ratophthalmic heads only those w hich 
show partial fusion of the optic pigment cups were examined 
4'he forms with unefiual or nusNinmetrical eyes constitute a 
somewhat dilTerenl l> pe of teratoj)hthalmia and retiuire a more 
extended iin e^tigation: moreo\ er. the ()artial lusions of the e\ es 
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lead through all possible stages to the single median e>e ol the 
teratomorphic head. 

I'igure 0 shows the outline of the body and the condition of 
the eves in one of the leratophthalmic heads sectioned. The 
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two optic pigment cups are s\’mmetricall\^ situated but lie closer 
together than in normal animals and are united b\’ a conlinuoiis 
band of pigment. 

In Fig. 7 a transverse section of the nervous s\'stem from about 
the iiosterior fourth of llic jireocular region is shown. It consists 
of a single liber tract surrounded by cells and without any trace 
of division into riglit and left halves. Comparison with Fig. 3 
which is from al)out the same level in the normal animal shows 
a marked difference in form. Fig. 8 shows the lexxl of the eyes. 
1 'he difference l)etween this and Fig. 4 from the normal animal 
is striking. In kdg. 8 the fiber tract is partially divided into 
right and left halves, l)ut the two i)arts are close together instead 
of being widely separated and connected by a long commissure 
as in I"ig. 4. In h'ig. 9 a section at the level of tlic auricles is 
drawn: much the same differences from the normal (Fig. 5) ap¬ 
pear liere. The two ganglionic masses arc closely connected, 
while in the normal animal they are widely separated. 

The figures from this terato])hthalmic head show one other 
point of interest. The indi\'idual from which the sections were 
made was inucli smaller than the full grown animal of Figs. 2 5. 
Figs. 2 5 and 7-t) arc drawn to the same scale and comparison 
shows at once that the ganglia are almost as large in the tera- 
tophthalmic as in the normal animal. 'Fltis is a general characler- 
i>lic of ph\\siologically younger as comjxtred with older and of 
smaller as compared with larger animals. In the small \’oung 
animal the nervous system is always of relati\ el\* large si/e and in 
small animals which result from the regulation of pieces the 
same is true, exce[)t in the more extreme abnormal t\'pes, where 
the nerxous s\ stcm is often small. Thtis as regards the de\'elo]> 
meiU of the nervous system as well as its rate of metabolism 
during de\ elopment (Child, '\ib) the animal formed by regulation 
resembles a X'oung animal. 

In other teraiophihalmic indi\'iduals with partialh' ftised e>’es 
the gcMieral form of the ganglia was found to be much the sanic 
as in the case dc'scribc'd and the degree of fusion or se|)aration 
of the ganglia ('()rrt‘si)on(ls rather c'loseh’ w ith thedi'greeof fusion 
or separation of tin* e\’es. In these lorms then tlie e\c's ser\e 
to some (*xl('ni as an index of the condition of the neiwous s\’stem. 
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W. Teratomorphic Head^. 

I. The first case to be described is shown in Fig. lo. Here tlie 
auricles appear on the front of the head and extend anteriorl\*. 
The anterior margin uf the head between them is slightly rounded 
instead of j)ointed as in the normal animal. In the median line 
is a single e\'e. 

Sections ai the head region of this animal are shown in Figs. 
II — 15 - I he eye is situated almost at the extreme anterior end 



l lo 15. 

ol the ganglionic ma» and a few >e('iioiw anterior to it the 
nervous sv^iem appear> as in h'ig. li. Here four fiber tracts 
surrounded b\- cells are visible and are evidentlv’ nerves to the 
anterior regions of the head. 'The conditions at the level of 
tlu' eve are shown in Fig. \ 2 . The single optic pigment cup 
opens anteriorlv' instead of laterally, as the adjoining sections 
on the slide show*, and it is farther from the dorsal surface of the 
head and more nearlv imbedded in the ganglionic mass than in 
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llic normal animal ("Fiir. 4). The ganglionic mass itself is some¬ 
what irregular in form and shows no trace of a di\'ision into 
s\*mmetrical right and left portions. 

hdgiire 13 shows the condition of the ganglia six sections (sixty 
micra) {posterior to the eye. Here the fiber tracts show indica¬ 
tions of a s\’mmetrical arrangement, but this arrangement is 
widely different from the normal. 41 iree sections farther pos- 
teriorK' the ril)er tracts are still more broken up, as shown in 
Fig. 14. The level of this section is approximately the posterior 
end of the anterior new tissue of the regenerated region, h'ig. 15 
shows a section sixty micra posterior to the level of Fig. 14, /. e., 
in the old tissue: here the nervous system appears in the usual 
form of two ganglionic \'entral cords, which, howc\*er, arc much 
less widely sei)arated than in the normal animal at this level. 

2. The animal sectioned is shown in Fig. 16. The head is 
much like that in Fig. 10, but the auricles are somewhat closer 
together. A single median eye with a rather large i)igmcnt spot 
is present. 

Figures 17 and 18 show sections of the head. Fig. 17 is a 
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se('tion a short distance anterior to the eyes, about the posterior 
fourth of the prer)cular region. I'ig. 18 shows the lexel of the 
(‘\es. 4 'he single pigment ciij:) aj)pears in the figure to open 
\’entrall\', but the opening is actually antero-\Tntral in direction, 
'fhe ganglionic mass is distinctly double, i, e., more like the 
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normal ihan that of Fi^. 12. I'wo nerves, one from each portion 
of the ganglionic mass, pass to the optic cup. 

Here, as in the preceding case, the eye is situated near the 
e.xlrerne anterior end of the ganglionic region instead of a con- 
siflerahle distanc'e p<jsierior to it as in normal forms. Posterior 
to the eye the form of the ganglionic mass continues much the 
same as in h'ig. iS to ahoui the posterior end of the new tissue, 
where the right and lelt portions becmne more distinctly sepa¬ 
rated with a commissure between them and then jxtss into the 
two n<‘r\'e c(jrds. 

In general form the nerxous system is much less abnormal in 
this than in the prect-ding (\i‘>e. d'he chief dilTerences from the 
norm are the anterior poniiiun of the e\e on the ganglionic mass 
and the partial fusion of the two g.inglia for a considerable dis- 
laiK'e posterior to llu* e\e. 

.V indicaii'd in I'ig. 10, this case sht>w.s a somewhat extreme 



form of ierat(nnorj)hisin. 'Tlu* two auricles are fused at the tip 
(»f the head, thotigh the sensory areas are in large part sejiarate. 
A single median e\ e is present as in the preceding cases. 

I'ig. 20 show s a trans\ erse section of the ner\otis system at the 
kwel w here the ner\ es to the front of the head arise; this is about 
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one fifth of ihe tlistaiuv from the eyes to the up cjf the lieacl. 
h^ive fiber tracts iins\’mmetricalK’ situated are indicaled in the 
section. 

In I'ip:. 2 1 the lex'el of the eye is shown. fhe optic pip:inent 
cup opens antero-\-entrall\' and toward the left side and is con¬ 
nected \)y a ner\e w ith the left side only of the ttanglionic mass, 
d'he latter shows a distinct di\asion into right and left haK’es. 

Near the posterior end of the regenerated region the ner^'ous 
sN’stem possesses the form shown in Fig. 22 and a short distance 
posterior to this level and in the old tissue the two ner\'e cords 
become separate exce|)t for an occasional commissure. 

In this case the eye, though median in position, evidently 
belongs to tlie left half of the ganglionic mass and the ner\’ous 
system is much less abnormal than in Case 1. As in the other 
cases, the eye is situated near the extreme anterior end of the 
ganglion. 

4. In this case (hig. 23) the fusion of the auricles at the front 



ol the head is even more complete* than in Case* 3, onl\^ the bases 
(jf the sensor\' areas being se|)aralc‘d. d'he vyc is median and 
ap|)arentl\' single* and the pigment spot is of rather large size. 
Ant(*rir)r to the* (*\'e the ganglionic mass breaks np almost imme- 
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diately into two nenus passing to the front of the head (Fig. 24). 
In hig. 25 it becomes evident that the apparently single eye is 
actually douljle. One of the pigment cups lies slightly anterior 
and \entral to the other and somewhat to the left of it. The 
opening of the more posterior and dorsal cup is seen in Fig. 25, 
while the other pigment cup appears here as a complete circle. 
Both open antero-ventrally and toward the right. The gan- 
gli(jnic mass is not dixided into right and left halves and the 
optic nerves ari^e from it^ median region. Both eyes are far 
helcjw the d(jrsal surfac'e ( 4 ’ the bod\' and the more xentral one 
is imbedded in the ganglion. 

'I'lie dfnible n.iture (j 1 tile e\'e is not apparent in the lixing 
animal since the twcj pigment cuj)s lie so close ttJgether and one 
is almo>t ventral in the other. 

Posterior to the lex el ot the ex es the ganglion is <d)normal in 
form In about the posterior end of the regenerated region. Fig. 
2^), a s(H'iion slightly .int(.*rior to the boundary betxveen iu*xv and 
ohl tissue, shows that in gener.il lorm and arrangement of the 
liber tracts the ganglion at this lex el resembles that of C'ase i 
(I'ig. 13). A little f.irther posteriorix-, in the old tissue, it 
dix'ides into right and left portions .ind gives rise to two nerx'e 
cords of the usiial lorm. but somewhat nearer together in their 
anterior region than in normal forms. 

5. 'This t\tse is like ('asr 4 in external appearance < I ig. 23) 
and also in lh(‘ immlxT and arr.ingenuMit of the eyes, but s(jme 
dilT(.‘reiu'es in the strtK lure of the nerxdiis system exist. I'ig. 28 
shows the lex el of origin of nerxes to the front of the head, a lex el 
slightIx' anteri(jr to the exes. In I'ig. 2() the eyes are seen to be 
slighllx' larger than in the preceding t'ase, but otherwise similar 
to it. Both open aniero-xenirally and loxxard the right and one 
lies to the left of. xentral and slightly anterior to the other. The 
ganglionic mass is *-ingle, but larger than in Case 4 at this level 
(I'igs. 2 i) and 25) and the optic nerxes arise from it somewhat 
to the right of the middle. 

Posterior to the exes the ganglion soon shows distinct right 
and left halxes but these are abnormal in shape and each is 
broken up into a number of more or less distinct fiber tracts, 
xvhich, howex’er, are apparentlx' symmetrically arranged in the 
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right and left halves (Fig. 30). This peculiar arrangement con¬ 
tinues to about the posterior end of the regenerated region and 
then changes into the form shown in Fig. 31 : posterior to this 
the two ventral cords appear in the usual form. 

These fi\'e cases gi\'e some idea of the variations in structure of 
the eyes and the ncr\'ous system in the teratomorphic forms. A 
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more extended investigation of these forms will undoubtedly 
show other variations in structure and examination of anoph- 
thalmic and headless forms will add still further data of interest. 

V. Discussion. 

In all of the cases described, both the teratophthalmic and 
the teratomorphic forms, the most coiisi)icuous difference in the 
nervous system as compared with the normal forms is the more 
or less comj)lete fusion in the median line of the two portions 
of the ganglionic mass, or more correctly, their incomplete 
separation. 

It is e\'ident that to some extent the condition of the eyes or 
eye is an index of the condition of the nerx’oiis system. The 
parallelism is, howe\’cr, not complete; in Case i (Mgs. 10-15), 
for example, the nervous system is much more abnormal than 
in C'ases 2 (h'igs. 16-18) and 3 (h'igs. ip 22), though all three 
possess a single median eye. 

Moreox'cr, tiie degree of fusion of the auricles does not corre¬ 
spond exactly to the degree of fusion of the ganglia in all case<. 






CENTRAL NERVOUS SYSTEM IN PLANARIA. 


53 


In Case i where the auricles are a considerable distance apart 
(Fig. lo) the fusion of the ganglia (Figs. 11-15) is more complete 
and their structure is more abnormal than in Cases 2 (Figs. 16- 
18) and 3 (Figs. 19-22), where the auricles are nearer together. 
In Cases 4 and 5, where two eyes develop close together, far 
from the surface and in abnormal relations to each other and 
where the auricles are partially fu>ed. the ganglionic region is 
highly abnormal. 

When, howe\'er, we comjiarc the leraiophthalmic with the 
leratcniKjrphic form^ it is e\'ideni thai a general parallelism be¬ 
tween the e.xternal features of the head and the condition of the 
ner\'ous system does exist. So far as the obserxations go at 
present, the ner\‘ous system is alwaxs more abnormal in the 
leratoniori)hic f(jrms than in the leraiophthalmic forms with 
partiallx' fused exes. 

As regards ihe eyes themselxes certain points are of interest. 
In the normal and partially fu'-ed exes the j)igment cups open 
laterallx’, xvhile in ihe ieratomorj)hi(' forms ihex' open anteriorly 
or anlero-x entrallx. .Morenxer, ihe(*\-es are usuallx' farther from 
the dorsal surf.K'e of the head in the teratomorphic forms than 
in others. 

'The single ex e of the teratomorphic head max’ be connected 
with both sides of the ganglionic mass ( h'ig. 18) or xxilh onlx' one 
(Fig. 21) and in cast* two optic cups arise in the teratomorphic 
head (h'igs. 25 and 20) thex* max both be* (onnected xx ith the same 
part of the g.inglion. 

'The position of the exa‘s (►r ex e on tlu* ganglion may dilTer more 
or less xxidelx in the n(>rmal <ind abnormal forms. In the normal 
animal (Figs, i 5) the exes li(‘ dorsal to the posterior region of the 
ganglion, which dixides a short distance behind them into the 
txxo nerxe cords. In the teratophthalmic forms with partially 
fused exes a considerable j)ortion of the ganglion lies anterior 
to the eyes ( h'ig. 7) but the right and left sides of the ncrx oiis 
system remain united farther p(;steriorly than in the normal 
(I'igs. 5 and <)). In the teratomorphic forms the cx’c lies dorsal 
to the extreme anterior portion of the ganglion and the two cords 
do not become separated for a considerable distance posterior 


to It. 
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In the tlc\'elopinent of the al)norinal forms tlie eye undouhtedl>’ 
arises in connection \vilh the central ner\'ous s\'stem as it does 
in the normal animals. 4 'he position and number of the exes 
must be determined primarily by the condition of the nerxous 
system, though other factors may play some part. AiipareiuK* 
the median rections of the nervous system arc' more or less reduced 
or fail U) dex'elop in the al)normal forms and the lateral regions 
conseciuently lie nearer together so that tlie eyes appear near 
or in the median line. The approximation and fusion of the 
auricles is also ex identlx' due to the reduction or absence of the 
median region of the head and this condition is undoubtedly 
closeK' connected in one wax' or another with the condition of 
the ganglia. There can be no doubt that the condition of the 
nerx'ous system is the most important factor in determining the 
characteristic features of the teratophthalmic and teratomor(')hic 
heads. 

One of the most interesting points in connection xvith the 
xvhole series of forms is the fact that in the teratomori)hic forms 
the whole length of the regenerated nerx’ous system is abnormal 
(hdgs. 13 and 14, Fig. 26, Fig. 30). Not until the lex'el of the old 
tissue is reached dcj the two cords appear in their usual relations 
and exen there they are commonly nearer together than in 
normal animals (Figs. 15, 22, 27, 31). 'This fact suggests that the 
dex’elo|:iment of the regenerated portion of the nerx'ous system is 
in large measure independent of the alreadx' existing portion. If 
ihe dexelopment took place in the anterior direction from the 
cut ends of the nerxe cords in the old tissue, it is difhcult to 
understand henv such structures as those shown in I'igs. 13 and 
14, 2b and 30 could arise near the old tissue. But il the dex elop- 
ment of the regenerated part takes place independenllx' of the 
old part, the continuation of the abnormal structure back to the 
lex'el of the preexisting portion constitutes a less dillicult problem. 

According to recentIx’ i)ul.)lished work of the senior author 
(('hiId, 'i \ (I) the formation of a nexx whole from a lieadless i)iece 
of PUuiarid consists I'ssentiallx’ in the formation hrst of all of a 
new head I'egion \\hi('h ilnm reorganizes the j)arts |K)sterior t(3 it 
through ('orrelation. The striK'turc' of the regt'neraied i3ortion 
of the nerx-()Us system in the teralomorphic' forms ('ertainlx' olfers 


CENTRAL NERVOUS SYSTEM IN PLANARIA. 


55 


more support lo this conclusion than to that view which maintains 
that the regenerating nervous system grows out anteriorly from 
the cut ends of the old nerve cords. Apparently in these cases 
a new central ner\ous sN’stem de\elops and is abnormal from 
the beginning, but as its differentiation extends posteriorly it 
meets the (dd ner\e cords and unites with them. In this way 
it is eas\’ to account for the relaii\'ely sudden change in the 
structure of the ner\(jus ^\*stem as we follow it posteriorly from 
the new into the* old ti'^^ue in some of the leratomorphic forms 
(logs. 14 and 15, 2(> and 27, 30 and 31 ). But even the anterior 
regions of the old ner\e cords undergo reorganization to a greater 
or less extent under the inlluencc of tlie new region anterior to 
them. In I'igs. 15. 27 and .^1 the\ are nearer togetlier and con¬ 
nected b\* larger commissures than the\- were originalK’ when 
the\’ f()rnH‘d a [)ai t ot the posterior region of the first zothd. 

d'lie structure ot ihe neiwous s\-.tern in the posterior part of the 
regenerated regicui in such c'ases a^ I'ig. 1 l and h'ig. 30 suggests 
a brctiking up into separ.ite iu‘r\es, Imi posterior to tin* le\'els of 
these sections where the developing portion uu‘ets the old cords 
there is «i return to something a|)proaching normal structure. It 
is possible thtit if the old cords weri‘ not present in such cases 
the iK*w lUM'voiis s\sU‘m would extend posteriorly as a ('oiisider- 
able number of separated cords or iktv (‘s inst(‘ad of in tlie form 
characterisiii' of norm.il .ininuils. 

It was j)ointt‘d out in Section I. that the teralophthalmic and 
terat<iinorj)hic lorms (mii be produced experimentalK' b\’ di*- 
creasing the rai(‘ (jf tlu‘ dviiamic processes in the piece below a 
certain rate neccssarv- for the production of normal animals 
which is itself not constant but dependent upon various condi¬ 
tions. riiesr abnormal forms then rci)resent iilanarian morpho¬ 
genesis corresponding to certain rales oi reaction beh^w' the 
“normal ” rate for the existing conditions, d'he fact that changes 
which are primarily t|uantitative give rise to such dilTerences in 
structure as those recorded is important. As the rate of reaction 
decreases we see certain jxirts, e. g., the preocular region of the 
head, decreasing in relative size and finally disappearing and 
in the nervous svstem the bilateral structure of the ganglia 
i)ecomes less and less distinct in consequence of the reduction and 
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disappearance of the median regions. Apparently we are jus¬ 
tified in concluding that the reduction and disappearance of 
certain parts as tlie rate of reaction decreases is due one ()f two 
akernati^'es: first, the reduced or absent part may represent a 
relati\'ely low rate of reaction in the normal animal and under 
the experimental conditions the rate of the reaction which is 
essential for its formation approaches or falls below what may 
be called the morphogenic threshold, i. e., it does not produce 
the characteristic morphological effect. Second, a part may be 
reduced or disappear under conditions which decrease the rate 
of reaction, not because the reaction concerned in its formation is 
directly affected hy tlie experimental conditions, init because 
its formation deiiends ui)on correlation with some other part 
which is thus affected. It is probable, for example, that the 
condition of the central nervous system in the abnormal forms 
is largely, at least in the cephalic ganglia, a direct effect of the 
experimental conditions, while the position, number and presence 
or absence of the eyes and the degree of development of the 
preocular region are to a considerable extent correlati^"e effects. 

But however we may account for the results it is a demon¬ 
strated fact that the reduction and disappearance of ]:)arts of so 
“essential” an organ as the central nervous system can be 
brought about experimentally b\" c|uantitati\'e changes in ex¬ 
ternal or internal conditions. Xo absence of chromosomes or 
determinants and no germinal v^ariation is necessary for the 
production of these abnormal forms, but onh’ a decrease in the 
rate of the chmamic processes in the piece, together with the 
necessar\' correlative effects of such a decrease. 

It is impossible to lea\e the subject without some reference 
to the “■ ('yclopean’’ fish embryos which Stockard (’07, ’09, ’10) 
has recently produced b\' means of magnesium chloride and 
alcohol. 1'he resemblaiu'e l)etween these forms and the tera- 
tophthalmic and teratomorpliic lorms of Planaria is striking. In 
both cases organs which are normalh^ bilateral!)^ s>'mmetrical 
in position show \'arious degrees (jf approach and in the extreme 
t>'pes a single median organ de\ elops in place of the two. An- 
oj)hthalmi(' forms also oci'ur in Planaria and tinder extreme ex- 
[KTimental ('onditions ('ompleteK' headless forms also appear. 
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Moreover, in Planaria the auricles, like the eyes, show various 
degrees of approximation and fusion and in the present paper 
it has been shown that similar c(.)nditions appear in the cephalic 
ganglia themsei\'es. In Planaria these monstrous forms can be 
produced, not merely by anesthetics, but l)y a variety of condi¬ 
tions the essential effect of which is a decrease in the rate of the 
reactions in the living s\ stem. It seems probable that Stockard’s 
cvclopean embryos and the other intermediate forms between 
these and the normal animals are the result of a decrease in the 
rale of reaction rather than of any sj)ecihc anesthetic elTect of 
either inagne'^ium >alls or aleolujl. M(jreover, the double or 
partially double heatU which Stockard obtained in some cases 
are aUo readib' a<*('ounted hjr on a (juaiuitative basis; a de¬ 
creased rate of reac'tion means decreased correlation and this 
('ondition favors ph\‘sicdogi('.d isolation o( j)artr>and reproduction, 
a-> the senior author of ilu* j)resent paper has shown els(‘where 

(C'hild, ’ 1 \f). 

'Pile problem of tin* rcl.iiion between morphogenesis and the 
rate of reac'lion in organisms is one ol great imi)orlaiu'e, but it 
has ri‘cei\ed ('omj>araii\elv little altcmtion. Current hypotheses 
of de\elopment and inheritance scarceK etjusider the possibilitx' 
of altering the characteristic' morphologic'al leaiures of the organ¬ 
ism bv changes in the ral(‘ ol reat lion, but of the tact there can 
be no doubt. 

\ I. St MMAin. 

1. "Phe teralophtlialinic an<l ier<iiomori)hic' forms of Planaria 
<Iorolocc[)hala can be* produced experiment tll\' b\' decreasing 
the rate of the* (Knamic processes in the isolated i)ieces belcjw 
a ('eriain xariablc* le\el which is necessary lor the prcxluction 
of normal forms. 

2 , In these* forms iIk* cephalic region e^l the nervous system 
(lilTers more or less widel>- from that of iK^rmal animals. The 
two ganglionic masses are alwav’s less completely separated 
than in the noruKil animals and often onl\ a single ganglion 
develops. In the teratomorphic forms the ganglia are more 
abnormal than in the teratophalmic forms. 

.V In the normal animals the cephalic ganglia extend a con¬ 
siderable distance anterior to the eyes and the tw(j separate 
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nerve cords arise near the level of the auricles. In the teratoph- 
ihalniic forms with partially fused eyes the eyes lie nearer 
the anterior end of the ganglia and the right and left portions 
are not separated at the level of the auricles. The eyes of the 
teratomorphic forms are situated at the extreme anterior end 
of the ganglionic mass. 

4. The abnormal structure of the nervous system in the 
teratophthalmic and teratomorphic forms continues posteriorly 
through the regenerated anterior entl to the le\’el of the old 
tissue and even the nerve cords in the old tissue may he more or 
less different from the normal. In some teratomorphic forms 
the regenerated nervous tissue apjiarently begins to break up 
into separate nerx’es a short distance posterior to the eyes, but 
resumes the form of two ncr\’e cords in the old tisstie. 

5. In the normal animal the optic pigment cups open laterally 
and the same is true for the tcratoi)hthalmic forms with partially 
ftised eyes. In the teratomorphic forms the cup opens anteri¬ 
orly or antero-vcntrally and in some cases more or less to one 
side. The single median eye may be connected by two nerves 
with right or left portions of the ganglionic mass, or by a single 
nerve with either one, or the optic nerve may arise from the 
median region of the ganglion. The eyes are also farther from 
the dorsal surface in the teratomorphic than in the normal forms 
and are sometimes more or less completely imbedded in the 
ganglionic mass. 

Hill Zoological Laboratory, 

L'n'ivlrsity of Chicago, 

October, 1911. 
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